INTRODUCTION {#sec1-1}
============

Vitamin D is a fat-soluble vitamin synthesized in the skin with exposure to ultraviolet B radiation, converted to 25-hydroxyvitamin D 25(OH)D in the liver and then to its active form 1, 25(OH)D, by 1-alpha-hydroxylase, in the kidneys.\[[@ref1]\] Vitamin D deficiency can result from inadequate sunlight exposure, limited dietary intake, impaired gastrointestinal absorption and renal dysfunction. Vitamin D plays important role in calcium and phosphate homeostasis and also has several pleiotropic actions. Adequacy of Vitamin D has been associated with lower levels of inflammatory mediators, C-reactive proteins and erythrocyte sedimentation rate,\[[@ref2]\] whereas its deficiency is associated with organ dysfunction and increased susceptibility to hospital-acquired infections in critically ill patients.\[[@ref3]\]

Patients receiving mechanical ventilation are at increased risk of Vitamin D deficiency due to prolonged confinement to bed with decreased exposure to sunlight, poor dietary intake, abnormal gastrointestinal functions and drug interactions. Vitamin D deficiency or insufficiency is prevalent in up to 50% of the critically ill patients, 17% of whom have undetectable serum Vitamin D levels.\[[@ref4]\] Moraes *et al*. have shown higher mortality rates among patients with insufficient Vitamin D levels (32.2%) in comparison to patients with adequate Vitamin D levels (13.2%), with no significant difference in other secondary outcomes such as length of stay in Intensive Care Unit (ICU-LOS), need for mechanical ventilation, culture positivity or rate of hospital-acquired infections in the patients.\[[@ref5]\] However, the effect of therapeutic administration of Vitamin-D in critically ill patients did not consistently result in a better outcome, rather generated conflicting inferences.\[[@ref6][@ref7]\]

The present study was conducted to assess the serum Vitamin D status of the mechanically ventilated critically ill patients at the time of admission to the ICU and its effect on their clinical outcome.

METHODS {#sec1-2}
=======

The present study was a prospective observational pilot project where 40 adult patients on mechanical ventilation admitted in the ICUs of a tertiary care institute were included after clearance from the Institute Ethics Committee. Informed consent was taken from the legally acceptable representatives of the patients on mechanical ventilation. The inclusion criteria were (i) patients on mechanical ventilation, (ii) \>18 years of age, (iii) expected to be on mechanical ventilation for \>72 h. Patients with chronic kidney disease, pregnancy, untreated hypothyroidism, thyroidectomy/parathyroidectomy/neck surgery and readmissions in ICUs were excluded from the study.

The clinical and biochemical profile of the patients were recorded using a pre-designed proforma. Blood samples for serum 25 hydroxy vitamin D \[25(OH)D\] estimation were collected within 24 h of admission to the ICU. The blood samples were centrifuged within 30 min of collection to separate the serum and stored at a temperature of −70°C, until tested. DiaSorin Inc., LIAISON 25(OH)D total assay (REF 310600), a direct competitive chemiluminescence immunoassay with interassay precision (functional sensitivity) of 20%, was used for quantitative determination of total 25(OH)D in serum. In the absence of special guidelines regarding serum 25(OH)D levels in critically ill or patients on mechanical ventilation, we assumed values \>30 ng/ml sufficient, 20--30 ng/ml as insufficient and \<20 ng/ml as deficient for the patients on mechanical ventilation.\[[@ref8]\] Treating clinicians were not informed about the Vitamin-D levels of all patients. However, if the treating clinician was specifically suspecting Vitamin-D deficiency and ordered Vitamin-D level in any patient, that patient was excluded from the statistical analysis.

Subsequent management of the patient was as per ICU protocol. Daily sedation breaks, use of Ventilator Associated Pneumonia (VAP) bundle, daily assessment for readiness to spontaneous breathing trial (SBT) and extubation, deep vein thrombosis prophylaxis, use of lung protective ventilation strategy, use of muscle relaxant in case of severe acute respiratory distress syndrome (ARDS) with PaO~2~/FiO~2~ \<150 and plateau pressure above 30 cmH~2~O, blood glucose target 140--180 mg/dl were part of the general ICU management protocol. The outcome predictability of the patients was measured using \'Acute Physiology and Chronic Health Evaluation\' (APACHE II) and \'sequential organ failure assessment\' (SOFA) scores within first 24 h of admission to ICU.

The primary outcome was 30-day mortality and secondary outcomes were days on mechanical ventilation, ICU-LOS, days to reach SBT, other complications and need for advanced care modalities. All the outcomes were noted by the critical care nurse till 30-days.

The data were coded, entered into Excel sheet and analysed using SPSS 23.0 and STATA 12.1 (IBM Corporation, SPSS version 23.0, Chicago; STATA 12.1, m/s Systech Technocraft Services Pvt. Ltd., Mumbai, Maharashtra). Descriptive statistics including frequency, percentage, mean and standard deviation were used. Inferential statistics included Pearson Chi-square test, Bonferroni test, Wilcoxon Rank (Mann--Whitney) test, Spearman\'s rank correlation coefficient and one-way ANOVA. The level of significance was considered at 0.05.

RESULTS {#sec1-3}
=======

Majority of the patients (87.5%) were non-operative and had the mean age of 54.8 ± 17.16 years (range - 21--85). Fifty-five percent of them were male. The most common cause of ICU admission was pulmonary conditions (67.5%); however, most frequent co-morbidities were cardiac (25%) followed by metabolic (17.5%) and neurological (15%). Low levels of 25(OH)D were present in 75% (30/40) of the patients (65% deficient and 10% insufficient) \[[Table 1](#T1){ref-type="table"}\]. Twenty-five percent of them were Vitamin D sufficient with serum 25(OH)D values \>30 ng/ml.

###### 

Demographic profile of mechanically ventilated patients admitted in selected Intensive Care Units (*n*=40)

![](IJA-62-47-g001)

The biochemical and clinical profile of patients on mechanical ventilation with normal and low serum 25(OH)D levels were comparable \[[Table 2](#T2){ref-type="table"}\]. The mean APACHE II and SOFA scores and the median predicted mortality rates at the time of admission were similar in patients with normal and low serum 25(OH)D levels \[[Table 2](#T2){ref-type="table"}\]. A statistically insignificant trend was seen towards increased ICU-LOS (23.3 ± 11.4 vs. 18.7 ± 8.5), increased mechanical ventilation days (19.9 ± 8.4 vs. 16.2 ± 8.9) and days to reach SBT (21 vs. 11.5 days) in the patients with low serum 25(OH)D levels as compared to patients with normal levels. Similarly, patients with low serum 25(OH)D levels had higher 30-day mortality (16.7%) in comparison to patients with normal levels (10%); although it did not reach statistical significance (*P* = 0.81) \[[Table 3](#T3){ref-type="table"}\].

###### 

Demographic, biochemical and physiological characteristics of mechanically ventilated patients along with their serum 25-hydroxyvitamin D levels, admitted in selected Intensive Care Units (*n*=40)
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###### 

Outcomes of mechanically ventilated patients, with normal and low serum 25-hydroxyvitamin D levels, admitted in selected Intensive Care Units (*n*=40)
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The total number and type of complications developed and requirement for advanced care modalities were similar in patients with normal or low 25(OH)D level \[[Table 3](#T3){ref-type="table"}\].

DISCUSSION {#sec1-4}
==========

The present study revealed that the majority of the patients receiving mechanical ventilation had low serum 25(OH)D levels. In the present study, the most common co-morbidity observed in patients on mechanical ventilation was cardiac in nature. Patients receiving mechanical ventilation with normal and low serum 25(OH)D had comparable biochemical and clinical profile. The outcome of patients in terms of days on mechanical ventilation, LOS in ICU, days to reach SBT, predicted mortality, complications developed and requirement for advanced care modalities in both the groups were also similar. These findings were contradictory to some of the previous studies. This might be because different studies defined the cut off for serum 25(OH)D differently, as well as the co-morbidities, and the primary diagnoses of patients were different in the various studies.

This observation of high prevalence of low serum Vitamin D among patients on mechanical ventilation is similar to that reported earlier in critically ill patients by other investigators.\[[@ref9][@ref10][@ref11]\] In the present study, the clinical profile of the patients with normal and low levels of serum 25(OH)D levels were similar. However, other studies\[[@ref12][@ref13]\] suggested significant differences among the patients with normal and low serum 25(OH)D levels in terms of mean total leucocyte count,\[[@ref12]\] serum calcium,\[[@ref12][@ref13][@ref14]\] albumin,\[[@ref12][@ref13]\] creatinine\[[@ref12]\] and APACHE II and SOFA score.\[[@ref12]\] These findings might be due to the type of patients enrolled, as the studies\[[@ref12][@ref13]\] mentioned above were conducted in critically ill surgical patients, whereas in the present study, majority (87.5%) of the patients were non-operative.

Vitamin D helps in modulating immunity; hence, its deficiency may predispose critically ill patients to acquire nosocomial infections. In fact, a previous study\[[@ref15]\] suggested prolonged ICU stay of the critically ill patients with low serum 25(OH)D levels due to nosocomial infections, complications such as metabolic derangement and immune dysfunctions. On the contrary, another study\[[@ref9]\] found that there was no difference among patients on mechanical ventilation with normal and low serum Vitamin D levels in terms of the development of complications. We observed no significant difference in ICU-LOS and development of complications.

Vitamin D is considered important in the prevention of alveolar inflammation and maintenance of respiratory epithelial and mucosal integrity.\[[@ref16]\] Optimal serum Vitamin D levels might facilitate an early SBT and shortened duration of mechanical ventilation. However, in the present study, day to reach SBT and duration of mechanical ventilation were similar among the patients with normal and low serum Vitamin D levels. These findings were similar to that of a previous study\[[@ref14]\] but in contrast to the observations of another study\[[@ref17]\]

Low serum 25(OH)D levels along with the co-morbidities, immune and metabolic dysfunctions might also contribute to the prolonged stay in ICU, increased mortality, complications developed and need for advanced care modalities among patients on mechanical ventilation. In the present study, we observed no significant association of serum 25(OH)D levels with 30-day mortality. This is contrary to the observation by other investigators\[[@ref9][@ref17]\] where 28-day mortality was significantly higher in critically ill participants with low serum 25(OH)D levels as compared to participants with normal serum 25(OH)D levels.

In the present study, patients with low and normal serum 25(OH)D levels had comparable requirement for advanced care modalities such as tracheostomy, invasive blood pressure, central venous pressure monitoring and renal replacement therapy. These findings are similar to that reported earlier.\[[@ref12][@ref13][@ref17][@ref18][@ref19]\] However, another study,\[[@ref9]\] on the contrary, reported Vitamin D sufficient patients required lesser number of invasive monitoring techniques (invasive blood pressure and central venous pressure monitoring) and renal replacement therapy.

Major limitation of the study was observational design and small sample size. Vitamin D level was measured only once, and there was no provision in the protocol to supplement Vitamin D in those with low 25(OH)D levels. This study revealed no significant effect of admission Vitamin D level on the 30-day mortality of critically ill mechanically ventilated patients. However, a trend was observed towards increasing ICU-LOS, increased number of mechanical ventilation days and days to reach SBT. But none of them reached statistical significance possibly because of small sample size. Hence, our observations need confirmation by larger study including bigger sample size and the effect of Vitamin D supplementation in critically ill patients with low 25(OH)D levels also need to be studied in randomized control trials, as previous studies generated controversial results.\[[@ref6][@ref7][@ref20]\] Moreover, due to observational nature of the study, we could not strictly control other confounding factors which could affect the duration of mechanical ventilation such as mode of ventilation, specific sedative used, specific fluid management strategy, and diuretic use to name a few.

CONCLUSION {#sec1-5}
==========

Vitamin D deficiency is prevalent in as high as 75% of critically ill patients on mechanical ventilation. However, this deficiency does not affect the outcome of patients in terms of 30-day mortality, LOS in ICU, number of days on mechanical ventilation, number of days to reach first SBT, complications developed and advanced care modalities required during ICU stay.
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